INTRODUCTION {#sec1-1}
============

Neurocytomas are small cell tumors first described by Hassoun, *et al*.\[[@ref10]\] The characteristics features of this rare tumor include 1) intraventricular location, 2) predominant occurrence in young adults around the third decade, 3) histopathological resemblance with oligodendrogliomas or ependymomas 4) expression of neuron-specific antigens and 5) ultrastructural features of neuronal differentiation.\[[@ref3][@ref9][@ref10][@ref23][@ref31][@ref33]\] They comprise 0.1-0.5% of all brain neoplasms and present mostly as supratentorial intraventricular or periventricular tumors.\[[@ref33]\] There have been isolated reports of neurocytomas occurring at various sites within the cerebrum or spinal cord.\[[@ref4][@ref7][@ref18][@ref20][@ref22][@ref26]\] We report an unusual case of a neurocytoma occurring in the cerebellar hemisphere.

CASE REPORT {#sec1-2}
===========

A 45-year-old woman presented with intermittent episodes of vertigo and dizziness of 5 years duration. A magnetic resonance (MR) image demonstrated an oblong 2×1.5 cm inferior right cerebellar hemispheric enhancing lesion which showed minimal mass effect \[[Figure 1](#F1){ref-type="fig"}\]. Owing to our suspicion that the lesion may have represented a high-grade glioma or lymphoma we took the patient for elective needle biopsy with possibility of conversion to an open procedure for tumor resection. An intraoperative smear demonstrated discohesive cells within a delicate neuropil-like background. The nuclei showed some pleomorphism and the chromatin was clock-face to speckled \[[Figure 2a](#F2){ref-type="fig"}\]. The preliminary diagnosis at the time of surgery was angiotrophic tumor, favoring lymphoma thus prompting the decision not to proceed with craniotomy. Permanent sections revealed a tumor composed of cells with small, round nuclei with speckled chromatin. Both perivascular and intratumoral acellular zones were noted. Mitoses were not identified \[[Figure 2b](#F2){ref-type="fig"}\]. A Ki67 immunostain showed a very low proliferation index \<1% \[[Figure 2c](#F2){ref-type="fig"}\]. Lymphoma was ruled out with a negative immunostain for CD45 (common leukocyte antigen). The architectural appearance of the tumor made ependymoma a possibility, but immunostains for glial fibrillary acid protein (GFAP) and epithelial membrane antigen (EMA) were negative. A synaptophysin immunostain demonstrated diffuse positivity \[[Figure 2d](#F2){ref-type="fig"}\]. These histopathological findings were consistent with a low-grade neurocytic tumor. While surgical resection was a consideration, the risks of injury to cerebellospinal tracts and the dentate nucleus were felt to be high. Given the relative paucity of neurologic symptoms, we elected to follow the lesion with periodic MRIs and close neurologic checks. There was no evidence of progression at 14-month follow-up.

![(a) Magnetic resonance imaging demonstrating the tumor in the right cerebellar hemisphere as a hypointense lesion in a T1-weighted image (b) and as a enhancing lesion in a gadolinium T1-weighted image](SNI-2-36-g001){#F1}

![Histology slides. (a) Intraoperative smear (×400) showing discohesive cells with minimal cytoplasm and neurocytic nuclei with speckled chromatin. (b) (H and E, ×100) showing cells with small, round nuclei, minimal pleomorphism and no mitotic activity. Perivascular acellular zones and scattered intratumoral acellular zones, reminiscent of Homer-Wright rosettes were noted. (c) Ki67 immunostain (×100) showing a very low proliferation index \<1%. (d) Synaptophysin immunostain (×100) showing diffuse positivity](SNI-2-36-g002){#F2}

DISCUSSION {#sec1-3}
==========

Neurocytomas typically consist of dense areas of small cells with a patchy fibrillary network and demonstrate features of neuronal differentiation. They characteristically demonstrate positive reactivity for neuron-specific enolase and synaptophysin.\[[@ref3][@ref7][@ref9][@ref11][@ref19][@ref27][@ref31]\] The differential diagnoses of neurocytoma includes ependymomas, oligodendrogliomas, dysembryoplastic neuroepithelial tumors (DNTs), and lymphoma.\[[@ref9][@ref17]\]

Oligodendrogliomas and ependymomas typically do not demonstrate patchy fibrillary stroma. They show a positive reactivity for GFAP and S-100 protein and negative for markers of neuronal differentiation, which are not the characteristics of neurocytomas.\[[@ref9][@ref29][@ref31]\] DNTs demonstrate an abundance of ganglion cells and characteristically contain a mucoid matrix that is not observed in neurocytomas.\[[@ref10][@ref17]\]

Two additional and rather newly described entities of the cerebellum include rosette-forming glioneuronal tumor (RGNT) of the 4^th^ ventricle and liponeurocytoma. RGNT of the 4th ventricle was first described in a series of 11 patients by Komori *et al*.\[[@ref16]\] They appear to derive from pluripotential cells of the subependymal plate,\[[@ref28]\] which could explain the cerebellar midline location in almost all the reported patients. To date there are 30 reported cases of these tumors. There is only one reported case of lateral cerebellar origin of RGNT.\[[@ref21]\] Histopathologically, RGNT shows a biphasic neurocytic and glial architecture. RGNT can be differentiated from neurocytomas due to the presence of glial component. Liponeurocytomas are rare and slow-growing tumors located predominantly in the cerebellum.\[[@ref6]\] In 2000, the World Health Organization (WHO) classified cerebellar liponeurocytoma as a distinct entity from medulloblastoma in terms of prognostic, epidemiological and clinical aspects. This rare tumor is WHO grade I--II, generally with an accordingly indolent behavior.\[[@ref15]\] They occur generally in the cerebellum and are characterized by many lipidized cells found in clusters or scattered between small neoplastic cells. Immunohistochemical staining demonstrates both neuronal and glial differentiation. Mitotic activity is generally low in these lesions.\[[@ref24]\] Liponeurocytomas can be differentiated from neurocytomas due to the presence of glial differentiation and lipoid component.

The origin of the neurocytomas is not fully understood. Based on the predominant intraventricular location and properties of neurocytoma cells which can differentiate into both glia and neuron, it has been proposed that they originate from bipotential progenitor cells in the periventricular matrix.\[[@ref3][@ref12][@ref13][@ref30][@ref32]\] On the other hand, it was recently reported that neural stem cells, which have the potential to differentiate into astrocytes, oligodentrocytes or neurons, reside not only in the periventricular area of cerebellum but also in the cerebellar cortex.\[[@ref1][@ref2]\] We postulate that cerebellar neurocytomas occurrring remote from the ventricle, as in our case, may originate from those neural stem cells in cerebellar cortex.

Surgical biopsy and, when safe, gross total resection is usually recommended as the initial treatment modality for patients with cerebellar neurocytoma. In the presented case, the patient\'s symptoms did not correlate with her MRI finding. The decision to proceed with biopsy was based on the radiographic suspicion that the lesion might represent a glioma, metastasis, lymphoma, inflammatory condition, or a demyelinating process.

There is no consensus regarding the role of postoperative adjuvant therapy for neurocytomas. In our case given the relatively small size of the lesion and benign pathology, we elected to follow the patient without any adjuvant therapy. Surgical resection will be considered should the lesion grow or symptoms related to the lesion develop.

To date there are only four reported cases of a neurocytoma in the cerebellum, three in the vermis and one in the cerebellar hemisphere.\[[@ref5][@ref8][@ref14][@ref25]\] While exceedingly rare, this entity should be considered in the differential diagnosis of enhancing lesions of the cerebellum.
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